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ABSTRACT 


V 

This  study  estimates  parameter  values  pertaining  to  the  UICP  (Uniform 
Inventory  Control  Program)  model  for  forecasting  demand  and  the  MAD  (Mean 
Absolute  Deviation)  of  demand.  More  specifically,  the  filter  constants, 
trend  significance  levels  and  smoothing  weights  are  evaluated  using  the  5A 
(Aviation  Afloat  and  Ashore  Allowance  Analyzer)  wholesale  inventory  simulator. 
Alternative  values  were  systematically  selected  for  the  filter  constants, 
trend  significance  levels  and  smoothing  weights  to  be  applied  to  a  data  base 
of  actual  demands  for  determining  which  parameter  values  generate  the  most 
effective  demand  forecast.  Effectiveness  is  judged  by  the  following  criteria: 
inventory  investment,  performance,  workload  and  demand  forecast  accuracy. 

As  a  result  of  the  simulations,  the  following  recommendations  are  made: 

SPCC  - 

.  increase  the  filter  constants  (V008,  V008A)  from  6  and  2  to 
9  and  15 

.  retain  the  current  trend  significance  levels  (V272,  V272A)  of 
1 . 1  and  .  9 

.  increase  the  exponential  smoothing  weights  (V273,  V273A,  V273B) 
from  .3,  .3  and  .1  to  .A,  .A  and  .2 

ASO  - 

.  increase  the  filter  constants  from  3  and  15  to  6  and  25 


.  replace  the  trend  significance  levels  of  1.5  and  .99  with  1.1  and  .9 
.  retain  the  current  exponential  smoothing  weights  of  .A,  .A  and  .2 
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EXECUTIVE  SUMMARY 


1.  Background .  Due  to  increased  interest  by  OASD  (Office  of  Assistant 
Secretary  of  Defense)  (MRA&L  (Manpower,  Reserve  Affairs  &  Logistics))  in 
safety  level  computations  in  general  and  demand  forecasting  in  particular, 
COMNAVSUPSYSCOM  (Naval  Supply  Systems  Command)  tasked  FMSO  (Navy  Fleet 
Material  Support  Office)  to  review  and  establish  reasonable  parameter  values 
for  the  demand  forecasting  procedures  used  in  the  UICP  (Uniform  Inventory 
Control  Program)  to  calculate  the  quarterly  demand  forecast  and  the  MAD  (Mean 
Absolute  Deviation)  of  demand.  The  following  analysis  focused  on  the  filter 
constants,  trend  significance  levels  and  smoothing  weights,  since  these 
parameters  determine  the  quarterly  demand  forecast  and  MAD  of  demand. 

2.  Objective.  To  estimate  parameter  values  for  the  UICP  demand/MAD  fore¬ 
casting  models. 

3.  Approach.  The  5A  (Aviation  Afloat  and  Ashore  Allowance  Analyzer)  whole¬ 
sale  inventory  simulator  and  a  data  base  of  actual  demands  were  used  to  deter¬ 
mine  the  effect  of  alternative  values  for  the  filter  constants,  trend  signifi¬ 
cance  levels  and  smoothing  weights.  The  results  from  the  simulations  of  the 
alternative  parameter  values  were  assessed  by  the  following  criteria: 

$0H  +  $DI  (dollar  values  of  material  on-hand  and  due-in),  SMA  (Supply  Material 
Availability),  ADD  (Average  Days  Delay),  PI  (Procurements  Initiated),  RA 
(Repair  Actions) ,  TMSE  (Total  Mean  Square  Error)  TVAD  MSE  (Total  Value  of 
Annual  Demand  Weighted  Mean  Square  Error)  and  DWPE  (Demand  Weighted  Per¬ 
centage  Error).  These  criteria  were  consolidated  into  four  major  categories: 
inventory  investment  ($0H  +  $DI) ,  performance  (SMA  and  ADD),  workload  (PI  and  RA) , 
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and  demand  forecast  accuracy  (TMSE,  TVAD  MSE  and  DWPE).  The  parameter 
values  which  maximized  the  performance  per  dollar  invested  were  considered 
the  most  beneficial  values.  Thus,  the  performance  indices  and  inventory 
investment  were  the  primary  evaluation  criteria. 

Preliminary  simulations  were  performed  to  determine  if  improvements 
resulted  from  increasing  or  decreasing  the  filter  constants,  trend  signifi¬ 
cance  levels  and  smoothing  weights.  After  analyzing  the  results  of  these 
simulations,  more  specific  simulations  were  conducted  to  determine  how  much 
of  an  increase  or  decrease  to  the  parameter  value  was  necessary  to  achieve 
the  best  demand  forecast  and  MAD  of  demand.  After  determining  which  parameter 
values  produced  the  best  results,  these  values  were  simulated  to  quantify  the 
impact  on  inventory  investment  and  performance. 

4.  Findings .  Substituting  different  values  for  the  trend  significance  levels 
did  not  produce  major  changes  in  the  results.  However,  using  1.1  and  .9  for 
the  trend  significance  levels  did  cause  slight  improvements.  As  the  smoothing 
weights  were  Increased,  the  inventory  investment  increased  and  performance 
improved.  A  moderate  increase  to  the  filter  constants  produced  better  results, 
but  excessive  increases  to  the  filter  constants  resulted  in  long  supply  and 
higher  inventory  costs. 

The  parameter  values  which  caused  the  most  improvement  in  the  performance 
indices  per  dollar  invested  were  considered  best  for  the  purposes  of  this 
study  and  are  shown  below  in  TABLE  I. 
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TABLE  I 

Current  and  Recomputed  Demand  Forecasting  Parameter  Values 


SPCC 

ASO 

Parameter 

Data 

Element 

Number 

Current 

Recommended 

Current 

Recommended 

Trend 

V272 

1.1 

1.1 

— 

— 

Signif ieance 
Levels 

V272A 

.9 

.9 

mm 

Smoothing 

V273 

.3 

.4 

.4 

.4 

Weights 

V273A 

.3 

.4 

.4 

.4 

V273B 

.1 

.2 

.2 

.2 

Filter 

6 

9 

3 

6 

Constants 

V008A 

2 

15 

15 

25 

Simulations  were  conducted  using  the  recommended  parameter  values  and 
the  results  were  compared  to  the  results  when  the  current  parameter  values 
were  simulated.  TABLE  II  shows  the  simulated  differences  in  inventory  in¬ 
vestment,  SMA  and  ADD  between  the  current  parameter  values  and  the  recommended 
parameter  values.  TABLE  II  shows  that  in  exchange  for  a  slight  increase  in 
inventory  investment  (a  decrease  for  2R  items)  the  SMA  and  ADD  improved  sub¬ 
stantially. 
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TABLE  II 


Percentage  Change  in  Inventory  Investment  and  the  Performance 
Indices  Resulting  from  the  Recomputed  Parameter  Values 


Cog 

$0H  +  $DI 

SMA 

ADD 

1H 

+2.6% 

+9.7% 

-16.7% 

2H 

+  .3% 

+5.7% 

-  6.5% 

1R 

+1.4% 

+15.3% 

-18.3% 

2R 

-3.9% 

+7.4% 

-17.6% 

5.  Recommendations .  FMSO  recommends  that  the  parameter  values  shown  in 
TABLE  I  be  implemented  by  the  ICPs  (Inventory  Control  Points). 


I.  INTRODUCTION 


Reference  (1)  requested  FMSO  (Navy  Fleet  Material  Support  Office)  to 
establish  reasonable  and  justifiable  values  for  the  various  parameters  used 
in  demand  forecasting  and  inventory  levels  computation.  The  parameters  which 
have  the  most  influence  on  the  demand  forecast  and  the  MAD  (Mean  Absolute 
Deviation)  of  demand  are:  filter  constants,  trend  significance  levels  and 
smoothing  weights.  The  values  currently  used  by  SPCC  (Navy  Ships  Parts  Control 
Center)  and  ASO  (Navy  Aviation  Supply  Office)  along  with  the  corresponding 
DENs  (Data  Element  Numbers)  are  shown  in  TABLE  I, 


TABLE  I 

Current  Parameter  Values 


SPCC 

Parameter 

Data  Element  Number 

Val  ue 

EE 1 

-  Filter  Constants 

High  Demand  Consumable 
and  all  Repairable  Items 

V008 

6 

3 

Low  Demand  Consumable  Items 

V008A 

2 

15 

-  Trend  Significance  Levels 

Upper  Boundary 

V272 

1.1 

1.5 

Lower  Boundary 

V272A 

.9 

.99 

-  Smoothing  Weights 

High  Demand  Trending  Items 

V273 

.3 

.4 

Low  Demand  Trending  Items 

V273A 

.3 

.4 

Nontrending  Items 

V273B 

.1 

.2 

The  parameters  play  a  major  part  in  determining  demand  and  MAD  forecasts,  and 
also  have  an  impact  on  safety  level  computations  which  are  of  interest  to 
OASD  (Office  of  Assistant  Secretary  of  Defense)  (MRA&L  (Manpower,  Reserve  Affairs 
and  Logistics)).  The  parameters  were  evaluated  to  determine  which  set  of  values 
generated  the  most  improvement  in  the  performance  indices  per  dollar  invested. 


The  current  UICP  (Uniform  Inventory  Control  Program)  demand  forecasting 
process  is  documented  in  reference  (2).  The  quarterly  demand  average  (B022) 
and  MAD  of  demand  (A019)  are  computed  quarterly  through  a  sequence  of  three 


stages:  (1)  the  filter  check,  (2)  the  trend  test  and  (3)  exponential  smoothing. 
The  first  stage  of  demand  forecasting  is  the  filtering  process  which  is  used 
to  exclude  any  abnormal  data.  Demand  observations  as  recorded  by  the  system 
may  contain  errors  of  one  type  or  another.  For  example,  a  misplaced  decimal 
could  cause  a  demand  of  10  units  to  be  recorded  as  a  demand  of  100  units  or 
one  unit.  Thus,  the  quarterly  demand  observations  may  be  abnormally  high  or 
low  compared  to  the  current  quarterly  demand  average. 

The  filtering  process  employed  in  demand  forecasting  was  designed  to  act 
as  a  tolerance  band  around  the  quarterly  demand  average  by  defining  the 
acceptable  range  for  quarterly  demand  observations.  When  originally  imple¬ 
mented  in  the  UICP,  the  filters  were  set  to  accept  quarterly  demand  observa¬ 
tions  that  were  within  the  interval  defined  by  adding  and  subtracting  three 
standard  deviations  of  quarterly  demand  to  the  quarterly  demand  average. 

Thus,  under  the  assumption  of  a  normally  distributed  quarterly  demand  obser¬ 
vation,  a  tolerance  band  of  three  standard  deviations  around  the  mean  would 
include  95%  of  the  quarterly  demands  and  reject  5%  as  abnormal. 

The  filtering  system  described  above  is  used  for  repairable  and  high 
demand  (MARKs  II  and  IV)  consumable  items.  The  specific  number  of  standard 
deviations  used  to  compute  the  tolerance  band  is  determined  by  the  filter 
constant.  A  quarterly  demand  observation  is  considered  abnormal  when  the 
observation  is  not  in  the  following  interval: 

.  for  SPCC,  D  -  60p  to  D  +  60p 
.  for  ASO,  D  -  30p  to  D  +  3oD 
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where 


D  =  quarterly  demand  average  (B022) 

Op  =  1.25  (MAD  of  quarterly  demand) 

When  a  quarterly  demand  observation  is  outside  the  filter  limit,  the 
values  for  the  quarterly  demand  average  and  MAD  of  demand  remain  constant 
for  the  next  quarter.  However,  if  the  quarterly  demand  observations  are 
outside  the  same  filter  limit  for  two  consecutive  quarters,  then  the  quar¬ 
terly  demand  average  is  computed  as  the  simple  average  of  the  two  most  recent 
quarterly  demand  observations  and  the  MAD  of  demand  is  calculated  as  a 
function  of  the  new  quarterly  demand  average  by  the  power  rule  equation: 

MAD  =  aDb 

where 

MAD  =  Mean  Absolute  Deviation  of  quarterly  demand  (A019) 

! 

a  =  system  demand  coefficient  (V004) 
b  =  system  demand  power  (V005) 

Recomputing  the  quarterly  demand  average  as  the  simple  average  of  two  successive 
high  or  low  quarterly  demand  observations  is  known  as  a  step  increase  or  a  step 
decrease.  Notice  that  successive  quarterly  demand  observations  must  be  outside 
the  same  filter  limit  for  a  step  increase  or  step  decrease  to  occur.  If  the 
quarterly  demand  observation  exceeds  the  high  filter  one  quarter  and  is  below 
the  low  filter  the  next  quarter,  then  the  quarterly  demand  average  and  the 
MAD  of  demand  will  remain  constant. 

The  assumption  of  normally  distributed  quarterly  demands  is  not  considered 

valid  for  low  demand  (MARKs  0,  I  and  III)  consumable  items.  Thus,  low  demand 

/ 

consumable  items  are  not  subjected  to  the  symmetric  tolerance  band  filtering 
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system  employed  by  high  demand  consumables  and  all  repairables, but  are  fil¬ 
tered  by  a  high  limit  to  exclude  excessive  quarterly  demand  observations. 

A  low  filter  limit  is  not  used  since  quarterly  demand  observations  of  zero 
are  acceptable  for  low  demand  consumable  items.  To  exceed  the  high  filter 
limit  a  quarterly  demand  observation  must  be  larger  than  both  the  low  demand 
consumable  filter  constant  and  three  times  the  quarterly  demand  average.  As 
in  the  case  of  repairables  and  high  demand  consumables,  the  first  time  a 
quarterly  demand  observation  exceeds  the  filter  limit  the  quarterly  demand 
average  and  MAD  of  demand  are  not  changed.  Two  successive  excessive  quarterly 
demand  observations  result  in  a  step  increase  and  the  corresponding  recompu¬ 
tation  of  the  quarterly  demand  average  and  the  MAD  of  demand  as  previously 
described. 

Currently,  the  first  time  a  quarterly  demand  observation  exceeds  the  filter 
limit,  the  quarterly  demand  average  and  MAD  of  demand  are  not  changed.  How¬ 
ever,  the  IM  (Inventory  Manager)  is  notified  and  has  the  option  of  recomputing 
the  quarterly  demand  average  and  MAD  of  demand  to  include  all  or  part  of  the 
quarterly  demand  observation.  Recently  suggestions  have  been  made  (reference 
(3))  to  reverse  this  procedure  and  to  include  the  filtered  quarterly  demand 
observation  in  the  computation  of  the  quarterly  demand  average  and  MAD  of 
demand  unless  the  IM  manually  intervenes.  Thus,  rather  than  omit  the  filtered 
quarterly  demand  observations  and  expect  the  IM  to  add  back  whatever  is 
appropriate,  the  proposed  procedure  includes  the  filtered  quarterly  demand 
observations  and  expects  the  IM  to  subtract  whatever  amount  is  appropriate. 

The  cost  and  effectiveness  of  the  proposal  were  explored  by  omitting  the 
filter  checks  through  the  use  of  a  very  large  or  maximum  filter  constant  value. 
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Omitting  the  filter  check  reveals  the  cost  and  effectiveness  for  the  worse 
case  of  the  proposal  (i.e.,  when  the  IM  never  intervenes  with  a  better  demand 
forecast) . 

Decreasing  the  filter  constants  causes  more  demand  observations  to  be 
excluded  from  the  exponential  smoothing  process.  Thus,  the  quarterly  demand 
average  remains  constant  for  more  quarters.  Also,  the  demand  average  is 
computed  as  a  simple  average  of  two  observations  and  MAD  is  computed  by  the 
power  rule  more  often.  The  opposite  effects  occur  when  the  filter  constants 
are  increased. 

When  the  quarterly  demand  observation  is  not  outside  a  filter  limit,  the 
observation  must  be  examined  by  the  next  stage  of  demand  forecasting;  the 
trend  test.  The  trend  test  detects  steady  increases  or  decreases  in  quarterly 
demand  observations.  A  trend  is  a  tendency  for  quarterly  demand  to  be  biased 
in  an  upward  or  downward  direction.  There  are  two  boundaries  known  as  the 
upper  trend  significance  level  and  the  lower  trend  significance  level.  If 
the  quarterly  demand  observation  is  greater  than  the  quarterly  demand  average 
and  if  twice  the  sum  of  the  two  most  recent  quarterly  demand  observations 
divided  by  the  sum  of  the  four  most  recent  quarterly  demand  observations  is 
greater  than  or  equal  to  the  upper  trend  significance  level,  the  quarterly 
demand  observations  are  trending  upward.  If  the  quarterly  demand  observation 
is  less  than  or  equal  to  the  quarterly  demand  average,  and  if  twice  the  sum 
of  the  two  most  recent  quarterly  demand  observations  divided  by  the  sum  of 
the  four  most  recent  quarterly  demand  observations  is  less  than  the  lower 
trend  significance  level,  the  quarterly  demand  observations  are  trending 
downward.  The  quarterly  demand  observations  are  not  trending  if  neither  of 
the  two  previous  statements  hold  true.  The  following  equation  illustrates 
nontrending  demand  observations: 
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V272A  < 


2(dt  4-  <!{._!> 
+  dt_i  +  dt_2  + 


dt-3) 


<  V272 


where 

d  =  quarterly  demand  observation 

t  =  index  indicating  time 

A  value  of  or  near  1  inside  the  brackets  £  J  signifies  the  demands  for 
the  past  two  quarters  are  closely  related  to  the  demand  pattern  over  the  past 
four  quarters.  The  closer  the  value  is  to  1,  the  less  trending  is  evident 
in  the  demand  pattern.  As  the  value  becomes  greater  than  1,  the  demands  are 
trending  upward,  and  as  the  value  becomes  less  than  1,  the  demands  are  trend¬ 
ing  downward.  Notice  (see  TABLE  I)  that  SPCC  trend  significance  levels  values 
are  symmetric  around  1.  However,  the  ASO  trend  significance  levels  allow 
for  upward  flucutations ,  but  almost  no  downward  fluctuations  before  recog¬ 
nizing  a  trend. 

By  tightening  the  trend  significance  levels;  i.e.,  decreasing  the  upper 
trend  significance  level  and  increasing  the  lower  trend  significance  level, 
more  demand  observations  are  considered  trending.  Thus,  a  larger  smoothing 
weight  is  used,  causing  more  emphasis  to  be  placed  on  the  most  recent  demand 
observation  when  computing  the  quarterly  demand  average  and  MAD  of  demand. 

The  opposite  effects  occur  when  the  trend  significance  levels  are  loosened. 

The  final  stage  of  demand  forecasting  is  exponential  smoothing.  The  ex¬ 
ponential  smoothing  equations  for  the  demand  average  and  MAD  are  shown  below: 

Dt+i  *  a  dt  +  (1-a)  Dt 
MADt+i  -  a|dt  -  Dt|  +  (1-a)  MADt 
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where 


a  «  the  smoothing  weight 

The  weighting  of  the  demand  average  components  causes  the  demand  average  to 
"bend"  in  the  direction  of  the  latest  quarterly  demand  observation.  The  mag¬ 
nitude  of  the  "bend"  is  tempered  by  the  relative  magnitude  of  the  smoothing 
weight,  a.  There  are  three  smoothing  weight  parameters  from  which  ot  may 
be  selected:  high  demand  trending  items,  low  demand  trending  items  and  non¬ 
trending  items.  The  Navy  has  used  the  same  a  value  for  high  demand  and  low 
demand  trending  items  for  many  years.  This  study  has  continued  that  tradition 
and  no  attempt  was  made  to  establish  different  smoothing  weights  for  high  and 
low  demand  trending  items. 

The  outcome  of  the  trend  test  determines  which  value  is  used  as  the  smooth¬ 
ing  weight  in  the  exponential  smoothing  equation.  When  nontrending  quarterly 
demand  observations  exist,  a  smaller  a  is  selected  for  the  exponential  smooth¬ 
ing  equation.  Using  a  smaller  a,  increases  "1-a",  which  places  more  emphasis 
on  the  historical  demand  data.  By  placing  more  weight  on  the  historical  demand 
data,  minor  fluctuations  which  may  occur  in  individual  quarterly  demand  obser¬ 
vations  do  not  disturb  the  demand  average.  However,  as  the  demand  pattern 
fluctuates  more  drastically  and  trending  is  detected,  the  demand  average  is 
unable  to  "catch  up"  or  reflect  the  actual  demand  pattern  when  a  smaller 
smoothing  weight  is  used.  Hence,  when  trending  quarterly  demand  observations 
exist,  a  larger  n  is  used  in  the  exponential  smoothing  equation.  The  use  of 
the  larger  smoothing  weight  causes  more  emphasis  to  be  placed  on  the  recent 
quarterly  demand  observations  so  the  fluctuations  in  the  demand  pattern  are 
forecasted  more  accurately. 
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Some  weight  is  given  to  all  past  observations  in  exponential  smoothing. 
However,  the  older  observations  are  continually  given  less  weight  as  time 
passes  on.  After  a  long  period  of  time,  almost  zero  weight  is  applied  to  the 
oldest  observation.  As  a  larger  smoothing  weight  is  used,  the  older  observa¬ 
tions  receive  less  weight.  More  specifically,  when  .1  is  used  as  the  smoothing 
weight,  over  85%  of  the  weight  is  given  to  the  most  recent  19  observations. 

When  the  smoothing  weight  is  increased  to  .A,  over  85%  of  the  weight  is  given 
to  the  four  most  recent  observations.  Increasing  the  smoothing  weight  is 
comparable  to  including  fewer  observations  in  a  moving  average.  Additional 
information  concerning  the  comparison  of  exponential  smoothing  and  moving 
average  is  available  in  reference  (A) . 

II.  TECHNICAL  APPROACH 

The  5A  (Aviation  Afloat  and  Ashore  Allowance  Analyzer)  wholesale  inventory 
simulator  was  used  to  evaluate  the  following  parameters  for  demand  forecasting: 
filter  constants,  trend  significance  levels  and  smoothing  weights. 

A.  Simulation  Model.  The  5A  simulator,  as  described  in  reference  (5) ,  repli¬ 
cates  the  inventory  management  operations  of  ASO-managed  material.  The  5A 
simulator  was  modified  to  include  the  changes  in  management  policies  which 
have  occurred  since  the  initial  design,  and  the  salient  features  of  the  S4 
(Ships  Supply  Support  Study)  CONUS  (Continental  United  States)  inventory  simu¬ 
lator.  The  S4  simulator  replicates  the  inventory  management  operations  for 
SPCC-managed  material,  as  described  in  reference  (6). 

The  revised  5A  simulator  consists  of  a  series  of  time-oriented  routines 
associated  with  the  basic  inventory  control  functions  such  as  asset  review, 
receipt  of  material  from  purchase  and  repair,  levels  computations  and  demand 
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forecasting.  Periodically,  the  asset  position  of  each  item  is  reviewed  to 
determine  if  a  purchase  or  repair  action  is  required.  In  situations  where 
such  action  is  required,  a  receipt  of  material  from  purchase  or  repair  is 
scheduled  to  occur  following  a  leadtime  or  TAT  (Tum-Around-Time) .  Leadtimes 
and  TATs  are  determined  using  a  normally  distributed  pseudorandom  number  and 
the  item's  mean  and  standard  deviation  of  leadtime  or  TAT. 

The  reorder  point,  economic  order  quantity,  MAD  of  demand  and  demand 
average  are  computed  quarterly.  The  demand  forecasting  routine  of  the  5A 
simulator  includes  the  filter  check,  trend  test  and  exponential  smoothing 
as  previously  described  and  flowcharted  in  Appendix  B. 

1.  Model  Assumptions.  The  5A  simulator  includes  the  following  assumptions 

a.  The  initial  quarterly  demand  forecast  equals  the  simple  average 
of  the  demand  observations  for  the  first  two  quarters  of  the  demand  history. 

The  initial  MAD  of  demand  equals  the  simple  average  of  the  absolute  values 
of  the  error  terms  for  the  first  two  quarters  of  the  simulation.  The  error 
terms  were  computed  as  the  difference  between  the  quarterly  demand  observation 
and  demand  average.  The  quarterly  demand  average  and  MAD  of  demand  must 
initially  be  assigned  values  because  past  quarterly  demand  averages  and  MADs 
of  demand  are  not  retained  on  any  UICP  file.  That  is,  the  quarterly  demand 
average  and  MAD  of  demand  corresponding  to  the  beginning  of  the  simulation 
period  were  not  available  and  therefore  were  estimated. 

b.  The  initial  on-hand  equals  the  theoretical  average  inventory 
position;  i.e.,  initial  on-hand  equals  the  reorder  level  plus  one-half  of 
the  order  quantity.  All  items  began  with  zero  backorders  and  no  orders 
outstanding. 

c.  Only  the  filter  constants,  trend  significance  levels  and 
smoothing  weights  were  adjusted  for  the  various  simulations.  All  other 


parameters  (e.g.  ,  shortage  cost,  minimum  and  maximum  risk)  were  selected  to 
reflect  the  management  policy  of  the  particular  cog  and  remained  constant 
throughout  each  simulation. 

d.  PPRs  (Planned  Program  Requirements)  are  not  modeled  by  the  5A 
simulator,  but  the  remaining  nonrecurring  demands  are  included.  Nonrecurring 
demands  can  be  divided  into  two  groups:  (1)  PPRs  and  (2)  "one  time"  demands 
which  do  not  recur.  In  the  real  world,  material  is  procured  and  placed  in 
inventory  specifically  to  satisfy  PPRs.  When  adequately  planned,  material  is 
issued  for  the  PPR  and  the  requisition  is  counted  as  satisfied  in  the  SMA 
calculation.  For  the  remaining  nonrecurring  demands  (non-PPRs) ,  material  is 
not  procured  in  advance  but  is  drawn  from  stock  intended  for  recurring  demands. 
Therefore,  since  nonrecurring  demands  use  material  intended  for  recurring 
demands,  a  lower  SMA  and  higher  ADD  result. 

The  simulator  does  not  process  demands  which  are  for  PPRs;  hence,  the 
output  statistics  do  not  reflect  these  demands.  The  most  significant  area 
of  impact  is  in  the  performance  statistics.  By  not  modeling  PPRs,  the 
simulator  does  not  consider  requisitions  which  are  usually  satisfied.  Thus, 
the  simulated  SMA  will  be  lower  than  in  the  real  world,  and  the  simulated 
ADD  will  be  longer. 

2.  Input.  The  two  main  sources  of  information  used  for  input  to 
the  5A  simulator  were  the  THF  (Transaction  History  File)  and  the  SIG  (Se¬ 
lective  Item  Generator)  file.  A  data  base  of  historical  demands,  obtained 
from  the  THF,  were  developed  as  input  to  the  5A  simulator.  Six  years 
(January  1974  through  December  1979)  of  THF  demand  data  were  used  for  SPCC- 
managed  material  and  four  years  (November  1975  through  October  1979)  of  THF 
demand  data  were  used  for  ASO-managed  material.  Although  the  basic  item 
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Information  used  as  input  to  the  5A  simulator  was  obtained  from  several  files. 


the  SIG  file  contributed  the  vast  majority  of  the  item  information;  e.g., 
leadtime,  TAT  and  unit  price.  The  SIG  file  provides  a  snapshot  of  the  Master 
Data  File.  A  sequence  of  computer  programs,  described  in  reference  (7),  was 
necessary  to  create  the  simulator  input. 

The  manner  in  which  the  input  was  categorized  is  illustrated  in  TABLE  II. 

TABLE  II 

Input  Categorization 


Cog 

ii  Items 
Universe 

# 

Samples 

if  Items 
Sample  I 

it  Items 
Sample  II 

if  Items 
Sample  III 

if  Items 
Sample  IV 

1H 

125,797 

4 

1,572 

w^m 

1,571 

1,571 

2H 

11,458 

3 

1,636 

1,631 

- 

1R 

103,201 

4 

1,587 

BBHi 

1,587 

1,587 

2R 

22,137 

1 

2,892 

m 

- 

- 

The  input  for  the  5A  simulator  was  grouped  by  cogs  (cognizance  symbol)  of 
material;  1H,  2H,  1R  and  2R.  Because  the  number  of  items  per  cog  were  so 
large  and  would  consume  too  much  computer  time  to  simulate  in  entirety, 
several  samples  were  formed  from  each  of  the  files  except  for  the  2R  items. 

To  achieve  more  confidence  and  precision  in  determining  the  best  parameter 
values,  several  systematic  random  samples  were  selected  as  protection  against 
possible  error  which  could  result  from  only  examining  one  large  sample. 
(According  to  Tukey's  Plan,  reference  (8),  when  the  results  of  the  analysis  of 
smaller  samples  are  combined,  the  results  are  more  representative  of  the 
universe  than  the  results  of  one  large  sample.)  Only  nonprogram-related  2R 
items  were  simulated  because  program-related  items  are  forecast  by  a  four 
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quarter  moving  average  as  opposed  to  exponential  smoothing.  Since  there 
were  only  2,892  non prog ram-related  items  in  the  2R  item  universe,  all  non- 
programmed-related  2R  items  were  simulated. 

3.  Output.  Statistics  were  tabulated  and  displayed  after  each  year  to 
evaluate  the  effectiveness  of  the  parameters  tested.  The  first  two  years  of 
the  simulation  were  treated  as  a  transition  period  and  were  not  included  in 
the  calculations  of  the  yearly  averages.  The  following  criteria  were  con¬ 
sidered  the  most  relevant  in  quantifying  the  effectiveness  of  the  demand 
forecast. 

a.  $0H  +  $DI  -  Dollar  Value  of  Material  On-Hand  plus  Dollar  Value  of 
Procurements  Due- In  -  dollar  value  of  inventory  investment  at  the  end  of  the 
simulated  year. 

b.  SMA  %  -  Supply  Material  Availability  -  the  sum  of  requisitions 
satisfied  immediately  divided  by  the  total  number  of  requisitions  submitted. 

A  requisition  is  considered  satisfied  only  if  the  entire  requisition  is  satisfied. 

c.  ADD  -  Average  Days  Delay  -  the  time  delay  experienced  by  all  back¬ 
ordered  requisitions  divided  by  the  total  number  of  requisitions  submitted. 

d.  ffPI  -  Number  of  Procurements  Initiated  -  average  number  of  procure¬ 
ment  orders  placed  during  a  year. 

e.  #RA  -  Number  of  Repair  Actions  -  average  number  of  repair  inductions 
made  during  a  year. 

f.  TMSE  -  Total  Mean  Square  Error  -  a  statistic  which  measures  the 


accuracy  of  the  demand  forecast  by  averaging  the  square  of  the  forecast  error 
and  summing  over  all  the  items. 


TMSE 


n 

=  Z 
1=1 


j+4 

Z 

k=1+l 


<dki 


Dki>2 


where 

n  =  the  number  of  Items  in  a  simulated  sample 

i  =  index  of  items  in  sample 

j  =  index  identifying  the  first  quarter  of  each  simulated  ear  (0,  4,  8, 
12,  16,  20) 

k  =  index  of  the  quarter  being  simulated 

g-  TV  AD  MSE  -  Total  Value  of  Annual  Demand  Weighted  f"  an  Square 
Error  -  a  statistic  which  measures  the  accuracy  of  the  demand  orecast  by 
weighting  the  square  of  the  forecast  error  by  the  dollar  value  of  annual 
demand  and  summing  over,  aii  the  items . 


iVAD  MSEj  = 


n 

Z 

i=l 


j+4  _ 

E  (dkiHpiHdki  ~  Dk.)2 

ka1+l _ _ 


j+4 

Z 

K=j+1 


(dki)(pi) 


where 

P  =  unit  price  (DEN  B053) 

h.  DWPE  -  Demand  Weighted  Percentage  Error  -  a  statis  ic  which 
measures  the  accuracy  of  the  demand  forecast  by  expressing  the  total  absolute 
value  of  the  forecast  error  as  a  percentage  of  the  total  obser'  ed  quarterly 
demand. 


DWPE 


n 

Z 
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For  ease  in  evaluating  the  effectiveness  of  alternative  parameter  values, 
the  preceding  eight  criterion  were  combined  to  form  four  categories:  inventory 
investment,  performance,  workload  and  demand  forecast  accuracy.  The  inventory 
investment  was  determined  from  the  $0H  +  $DI.  The  SMA  and  ADD  together  were 
used  to  determine  the  performance  of  the  alternative  parameter  values.  Due 
to  the  inherent  differences  in  the  objective  functions,  the  performance  of 
consumable  items  was  judged  based  on  ADD  and  the  performance  of  repairable 
items  was  judged  based  on  SMA.  The  workload  was  measured  by  the  //PI  and  // RA. 

The  MSE,  VAD  MSE  and  DWPE  were  used  to  measure  the  demand  forecast  accuracy. 
Overforecasting  as  well  as  under forecasting  was  detected  by  the  demand  forecast 
accuracy  statistics.  Smaller  results  for  the  MSE,  VAD  MSE  and  DWPE  imply  a 
more  accurate  forecast.  However,  according  to  reference  (9),  the  minimum  MSE 
is  not  necessarily  optimal  when  applied  to  inventory  managment  models.  There¬ 
fore,  to  obtain  the  best  performance  for  the  least  amount  of  money,  the  selection 
of  best  parameter  values  was  based  on  the  improvement  in  the  performance  indices 
per  dollar  invested. 

B.  Simulat ions.  To  determine  which  combination  of  parameter  values  produced 
the  most  improvement  in  performance  per  dollar  invested,  a  RSM  (Response 
Surface  Methodology)  approach  was  used.  The  first  step  in  the  RSM  was  identi¬ 
fied  in  this  analysis  as  the  Directional  Analysis.  The  Directional  Analysis 
involved  a  series  of  simulations  that  used  the  current  values  and  values  which 
were  slightly  larger  and  smaller  than  the  current  values  of  the  filter  con¬ 
stants,  trend  significance  levels  and  smoothing  weights.  The  results  of  the 
Directional  Analysis  were  analyzed  to  determine  in  which  direction;  i.e., 
larger  or  smaller,  the  parameter  values  generated  more  beneficial  results. 
Sensitivity  Analyses  were  then  conducted  for  the  parameters  which  experienced 


the  greatest  improvements  (the  path  of  steepest  ascent  method)  during  the 
Directional  Analysis.  The  Sensitivity  Analyses  involved  a  series  of  simu¬ 
lations  using  continually  increasing  or  decreasing  parameter  values.  The 
parameter  values  were  increased  or  decreased  depending  on  the  outcome  of  the 
Directional  Analysis.  The  recommended  parameter  values  were  selected  when  the 
most  beneficial  results  were  reached.  (Additional  information  concerning  the 
response  surface  methodology  and  the  path  of  steepest  ascent  method  is  avail¬ 
able  in  reference  (10).) 

After  analyzing  the  results  of  the  simulations,  recommendations  were  made 
for  the  filter  constants,  trend  significance  levels  and  smoothing  weights. 
Simulations  were  conducted  using  the  recommended  parameter  values  and  compared 
to  the  results  of  the  simulated  current  parameter  values.  The  differences 
between  the  two  simulations  quantify  the  improvements  generated  by  the  recom¬ 
mended  parameter  values. 

Ill .  FINDINGS 

There  were  three  groups  of  simulations  performed  on  each  of  the  input  files. 
The  first  group  of  simulations,  which  was  called  the  Directional  Analysis, 
showed  that  the  filter  constants  and  smoothing  weights  offered  noticeable 
improvements  to  the  demand  forecast  when  the  values  were  increased.  Therefore, 
two  additional  groups  of  simulations  were  conducted:  The  Filter  Constants 
Sensitivity  Analysis  and  the  Smoothing  Weights  Sensitivity  Analysis.  The 
Filter  Constants  Sensitivity  Analysis  consisted  of  simulations  using  pro¬ 
gressively  increasing  values  for  the  filter  constants.  The  Smoothing  Weights 
Sensitivity  Analysis  pertained  to  simulations  using  progressively  increasing 
values  for  the  smoothing  weights.  Tightening  and  loosening  the  trend  signifi¬ 
cance  levels  did  not  induce  significant  improvements  to  the  demand  forecast. 
Thus,  no  further  evaluation  of  the  trend  significance  levels  was  made. 
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As  previously  stated,  there  were  several  samples  for  1H,  2H  and  1R  cogs. 

The  tables  developed  from  the  simulations  performed  on  each  of  the  samples 
are  contained  in  Appendix  C.  The  tables  discussed  in  this  section  show  the 
cog  averages  which  were  computed  from  the  samples.  In  Appendix  D,  the  standard 
deviations  of  the  samples  are  shown  in  the  upper  left  portion  of  each  entry  in 
the  tables  and  the  average  of  the  samples  are  shown  in  the  lower  right  portion. 
As  is  customary  for  sampled  data,  N-l  weighting  was  used  to  calculate  the 
standard  deviations.  Since  the  universe  of  nonprogram-related  2R  items  was 
used,  standard  deviations  could  not  be  computed.  Thus,  2R  items  were  not 
Included  in  Appendices  C  or  D. 

A.  Directional  Analysis.  The  Directional  Analysis  was  designed  to  determine 
whether  a  more  beneficial  demand  forecast  could  be  obtained  by  increasing  or 
decreasing  the  current  parameter  values.  The  Directional  Analysis  consisted 
of  a  series  of  simulations  that  used  the  current  values  and  values  which  were 
slightly  larger  and  smaller  than  the  current  values  of  the  trend  significance 
levels,  smoothing  weights  and  filter  constants. 

A  simulation  using  all  of  the  present  parameter  values  for  SPCC  was  con¬ 
ducted  and  called  the  base  case.  The  SPCC  trend  significance  levels  (V272/ 
V272A)  were  not  tightened  since  the  present  values  of  1.1/. 9  were  so  close  to 
1.  Therefore,  the  values  were  loosened  in  two  simulations  to  1.3/. 7  and  1.8/. 2. 
The  smoothing  weights  parameters  (V273/V273A/V273B)  for  SPCC  were  increased  and 
decreased  from  the  present  values  of  .3/.3/.1,  to  .4/. 4/. 2  and  .2/. 2/0.  The 
filter  constants  parameters  (V008/V008A)  were  also  increased  and  decreased 
from  the  current  values  of  6/2,  to  3/1  and  9/15. 

A  base  case  simulation  was  also  conducted  for  ASO-managed  items.  As  pre¬ 
viously  stated,  the  trend  significance  levels  for  ASO  are  not  symmetric  around 
"1"  and  require  a  larger  fluctuation  in  the  upward  direction  than  the  downward 


direction  before  a  trend  is  detected.  In  an  attempt  to  discontinue  the  bias 


against  upward  f luctuations,  the  symmetric  trend  significance  levels  tested 
for  SPCC-managed  items  were  used  to  evaluate  ASO-managed  items.  The  smoothing 
weights  parameters  were  increased  and  decreased  from  the  present  values  of 
.4/. 4/. 2,  to  .5/. 5/. 3  and  .3/.3/.1.  The  filter  constants  parameters  were  also 
increased  and  decreased  from  the  current  values  of  3/15,  to  1/2  and  6/25. 

The  results  of  the  Directional  Analysis  simulations  for  the  1H,  2H,  1R  and  2R 
items  are  shown  in  TABLEs  III,  IV,  V  and  VI,  respectively. 

To  determine  whether  the  adjusted  parameter  values  were  more  beneficial 
than  the  current  values,  the  results  of  each  simulation  were  compared  to 
the  results  of  the  simulated  base  case;  i.e.,  current  parameter  values.  The 
figures  in  TABLE  VII  were  developed  from  TABLEs  III  through  VI,  and  show  the 
actual  amount  of  increases  and  decreases  (deltas)  in  the  inventory  investment 
and  performance  criteria.  The  deltas  (A's)  were  obtained  by  subtracting  the 
output  values  of  the  base  case  from  the  corresponding  output  values  of  the 
simulated  alternative  parameter  values.  For  example,  from  TABLE  III,  the 
$0H  +  $DI  value  of  8.217  in  the  base  case  was  subtracted  from  the  $0H  +  $DI 
value  of  8.247  in  the  simulation  which  used  .2/. 2/0  as  the  smoothing  weights. 
The  difference  was  placed  in  TABLE  VII  under  the  $0H  +  $DI  of  1H  items  for 
the  smoothing  weights  values  of  .2/. 2/0.  The  figure  .030  signifies  the  in¬ 
crease  generated  in  the  $0H  +  $DI  when  .2/. 2/0  were  used  as  the  smoothing 
weights  as  opposed  to  the  base  case  values  of  .3/.3/.1.  A  negative  value  in 
TABLE  VII  represents  a  decrease  to  that  particular  criteria  and  a  0  indicates 
that  the  criteria  did  not  change.  The  base  case  values  are  shown  on  TABLE  VII 
to  give  the  reader  an  idea  of  the  percent  of  change  the  increases  and  de¬ 


creases  represent. 


TABLE  1X1 

SPCC  Directional  Analysis 
1H  Mean  Values 


TABLE  IV 

SPCC  Directional  Analysis 
2H  Mean  Values 


TABLE  V 

ASO  Directional  Analyst* 
'  1R  Kean  Valuta 


TABLE  VI 


Directional  Analysis 


Loosening  the  trend  significance  levels  to  1.3/. 7  and  1.8/. 2  for  SPCC 
produced  similar  results  for  the  1H  and  2H  items.  There  was  little  change  in 
the  inventory  investment  but  the  performance  was  worse  and  the  workload  in¬ 
creased.  Therefore,  the  current  values,  1.1/. 9,  are  the  best  setting  for  the 
SPCC  trend  significance  levels.  Using  1.3/. 7  and  1.8/. 2  as  the  trend  signifi¬ 
cance  levels  for  ASO  items  caused  an  increase  in  inventory  investment.  The 
performance  improved  for  1R  items  but  was  poorer  for  2R  items.  The  workload 
increased  in  every  case  except  when  1.3/. 7  were  used  as  the  trend  significance 
levels  for  1R  items  there  were  fewer  buys.  When  the  trend  significance  levels 
of  1.1/. 9,  were  simulated  on  ASO  items,  the  inventory  investment  changed  very 
little  for  1R  items  and  decreased  significantly  for  2R  items.  The  performance 
(ADD)  of  1R  items  improved  by  10.10  days,  but  SMA  decreased  1.2  percentage 
points  for  2R  items.  The  ADD  decreased  a  slight  .49  days  for  2R  items.  There 
were  fewer  procurements  of  1R  items,  however,  the  procurements  increased  and 
repair  actions  decreased  for  2R  items.  The  values  1.3/. 7  and  1.8/. 2  benefited 
ASO  consumable  items  (1R)  but  were  unfavorable  towards  repairable  items  (2R). 
Therefore,  neither  1.3/. 7  nor  1.8/. 2  were  recommended  for  the  ASO  trend  signifi¬ 
cance  levels  since  the  values  were  so  disadvantageous  for  repairable  items. 

The  current  SPCC  trend  significance  levels,  1.1/. 9,  were  considered  the  most 
beneficial  values  for  ASO  because  the  results  for  the  1R  items  were  outstanding. 
Although  the  SMA  decreased  1.2  percentage  points  for  the  2R  items,  the  Inventory 
investment  and  ADD  showed  improvements.  Therefore,  1.1/. 9  are  also  considered 
the  best  trend  significance  levels  for  ASO. 

Decreasing  the  smoothing  weights  from  .3/.3/.1  to  .2/. 2/0  for  SPCC  and  from 
.4/. 4/. 2  to  .3/.3/.1  for  ASO,  generally  resulted  in  a  more  costly  inventory 
investment,  less  effective  performance,  higher  workload,  and  a  less  accurate 
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demand  forecast.  When  the  smoothing  weights  were  increased  from  . 3/.3/.1 
to  .4/. 4/. 2  for  SPCC  and  from  .4/. 4/. 2  to  .5/. 5/. 3  for  ASO,  the  inventory 
investment  increased  (except  for  a  slight  decrease  in  2H  items)  and  performance 
improved  for  all  items.  There  were  fewer  procurements  for  the  consumable  items 
(1H  and  1R)  and  more  for  the  repairable  items  (2H  and  2R) . 

Since  the  inventory  investment,  performance,  workload  and  forecast  accuracy 
suffered  detrimental  changes  when  the  smoothing  weights  were  decreased,  no 
additional  simulations  were  conducted  with  smaller  smoothing  weights.  However, 
in  view  of  the  promising  results  (improved  performance  and  demand  forecast 
accuracy)  from  increasing  the  smoothing  weights,  more  simulations  were  made 
with  progressively  increasing  values  for  the  smoothing  weights  and  are  dis¬ 
cussed  below  under  Section  B. 

The  filter  constants  were  decreased  from  6/2  to  3/1  for  SPCC  and  from  3/15 
to  1/2  for  ASO.  Decreasing  the  filter  constants  generated  more  expensive  in¬ 
ventory  investments  and  higher  SMA  for  all  the  items  except  for  1H  where  the 
inventory  investment  and  SMA  both  decreased.  More  specifically  the  2R  items 
experienced  a  $34,439  million  increase  in  inventory  investment.  The  ADD  in¬ 
creased  for  all  but  the  1R  items  which  experienced  a  13.81  decrease.  Smaller 
filter  constants  caused  more  of  a  workload  for  consumable  items  and  less  for 
repairable  items.  Increasing  the  filter  constants  from  6/2  to  9/15  for  SPCC 
and  from  3/15  to  6/25  for  ASO  produced  results  which  are  very  beneficial  to 
the  Navy  Supply  System.  In  most  cases  there  was  less  money  spent  in  return 
for  better  performance.  There  were  less  procurements  for  consumable  items 
and  the  demand  forecast  was  more  accurate. 

Decreasing  the  filter  constants  resulted  in  increasing  the  inventory 
investment.  When  the  filter  constants  were  increased,  the  inventory  investment 
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decreased  and  performance  improved.  Therefore,  more  simulations  concerning 
increasing  the  values  of  the  filter  constants  were  made  and  are  discussed 
below  under  Section  C. 

B.  Smoothing  Weights  Sensitivity  Analysis.  Since  the  Directional  Analysis 
showed  that  increasing  the  smoothing  weights  was  advantageous,  the  Smoothing 
Weights  Sensitivity  Analysis  was  designed  as  a  series  of  simulations  which 
involved  progressively  increasing  the  values  of  the  smoothing  weights.  By 
adding  increments  of  .1  to  the  current  smoothing  weight  values,  simulations 
were  conducted  for  each  set  of  smoothing  weights  through  and  including  .9/. 9/. 7. 
To  isolate  the  impact  of  the  changes  to  the  smoothing  weights,  no  demands  were 
filtered.  This  was  accomplished  by  adjusting  the  filter  constants  to  the 
maximum  values  (999,999,999),  thereby  effectively  eliminating  the  filtering 
process.  As  previously  stated,  the  trend  significance  levels  were  set  to 
1.1/. 9  for  both  ICPs.  The  results  of  the  Smoothing  Weights  Sensitivity  Analysis 
simulations  for  the  1H,  2H,  1R  and  2R  items  are  shown  in  TABLES  VIII,  IX,  X 
and  XI,  respectively. 

TABLE  XII  was  developed  from  TABLES  VIII  through  XI  to  show  the  marginal 
differences  between  the  inventory  investment  and  performance  criteria  generated 
by  the  increased  smoothing  weights.  Instead  of  comparing  the  results  of  each 
simulation  to  the  results  of  the  base  case  as  in  TABLE  VII  of  the  Directional 
Analysis,  the  results  of  each  simulation  were  compared  to  the  results  of  the 
previous  simulation  which  used  smoothing  weights  of  the  next  lower  degree;  i.e., 
marginal  analysis.  For  example,  from  TABLE  VIII,  the  ADD  value  of  52.43  for 
the  simulation  which  used  .5/. 5/. 3  as  the  smoothing  weights  was  subtracted  from 
the  ADD  value  of  49.57  for  the  simulation  which  used  .6/. 6/. 4  as  the  smoothing 
weights.  The  difference  was  placed  in  TABLE  XII  under  the  ADD  of  1H  items  for 
the  smoothing  weights  values  of  .6/. 6/. 4.  The  figure  -2.86  represents  the 
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decrease  generated  in  the  ADD  when  .6/. 6/. 4  were  used  as  the  smoothing  weights 
as  opposed  to  .5/. 5/- 3.  Similar  to  TABLE  VII,  positive  values  represent  de¬ 
creases  and  0  Indicates  no  change  in  the  criteria.  The  results  from  the  cur¬ 
rent  smoothing  weights  for  SPCC,  .3/. 3/. 3,  and  ASO,  .4/. 4/. 2,  are  shown  in 
the  table  so  the  increases  and  decreases  can  be  placed  in  proper  perspective. 
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SPCC  Smoothing  Weights  Sensitivity  Analysis 
2R  Mean  Values 
V008/A  -  MAX/MAX 
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TABU  X 

ASO  Smoothing  Weights  Sensitivity  Analysis 
1R  Mean  Values 
V008/A  -  MAX/MAX 
V272/A  -  1.1/. 9 


TABLE  XI 

ASO  Smoothing  Weights  Sensitivity  Analysis 
2R  Values 
VO 08 /A  -  MAX /MAX 
V272/A  -  1.1/. 9 


Smoothing  Weights  Sensitivity  Analysis 
Marginal  Differences 
V272/A  =  1.1/. 9 
V008/A  =  MAX/MAX 


9/. 9/. 7  1.133  .23  1.082  2.1  1.821  2.93  8.826 


The  results  of  the  simulations  show  that  increasing  the  smoothing  weights 
causes  the  inventory  investment  to  be  more  expensive.  While  more  money  was 
spent  in  inventory,  the  performance  statistics  also  improved  as  the  smoothing 
weights  were  increased.  There  were  fewer  procurements  for  SPCC  items  as  the 
smoothing  weights  were  slightly  increased.  However,  as  the  smoothing  weights 
were  increased  more  abruptly  to  .6/. 6/. A  and  .7/. 7/. 5  or  greater,  the  number 
of  procurements  increased.  The  number  of  procurements  for  1R  items  continued 
to  decrease  as  the  smoothing  weights  were  increased.  However,  the  decrease  in 
procurements  was  more  gradual  when  larger  smoothing  weights  were  simulated. 

The  results  of  the  workload  for  2R  items  were  sporadic  and  did  not  follow  a 
noticeable  pattern  as  the  smoothing  weights  were  increased.  This  reaction  may 
be  attributed  to  the  fact  that  there  were  not  several  samples  simulated  for 
2R  items.  For  SPCC  items,  the  demand  forecast  became  more  accurate  as  the 
smoothing  weights  were  increased  to  .4/. 4/. 2  and  .5/. 5/. 3.  The  demand  forecast 
was  less  accurate  and  continued  to  become  less  accurate  at  a  faster  rate  when 
the  smoothing  weights  were  increased  further.  Since  the  current  smoothing 
weight  values  for  ASO  are  .1  greater  than  the  SPCC  parameter  settings,  the 
demand  forecast  was  less  accurate  after  the  first  interval  increase  of  the 
smoothing  weights,  and  then  reacted  in  a  similar  fashion  to  the  remaining 
increases  as  the  SPCC  items.  The  Directional  Analysis  showed  that  decreasing 
the  smoothing  weights  also  produced  a  less  accurate  demand  forecast. 

Analyzing  the  summary  results  of  the  Smoothing  Weights  Sensitivity  Analysis 
(TABLE  XII)  for  SPCC  reveals  the  most  improvement  in  performance  per  dollar 
invested  occurs  with  the  .4/. 4/. 2  smoothing  weights.  For  1H  items,  the  inven¬ 
tory  investment  increased  $.806  million  in  return  for  3.4  more  percentage 
points  SMA  and  5.68  fewer  ADD.  The  inventory  investment  increased  $.543 
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million  for  2H  items  in  return  for  1.9  percentage  points  increase  in  SMA 


and  1.31  fewer  ADD.  Increasing  the  smoothing  weights  any  further  required 
too  high  an  investment  for  the  corresponding  improvements  in  performance. 

TABLE  XII  illustrates  this  especially  for  1H  items  when  the  marginal  differ¬ 
ences  in  investment  and  ADD  are  compared  between  .4/. 4/. 2  and  .5/. 5/. 3. 

Each  required  approximately  $.800  million  more  but  the  first  $.800  million 
bought  a  reduction  of  5.68  ADD  while  the  second  $.800  million  only  reduced 
ADD  by  .68.  For  2R  items,  the  inventory  investment  increased  nearly  eight 
million  dollars  but  SMA  increased  only  .4  percentage  points  when  .5/. 5/. 3 
were  simulated  as  the  smoothing  weights.  The  inventory  investment  was  more 
expensive  as  the  smoothing  weights  were  increased  further.  Therefore, 

.4/. 4/. 2  were  the  best  smoothing  weights  evaluated  for  ASO. 

C.  Filter  Constants  Sensitivity  Analysis.  According  to  the  Directional 
Analysis,  larger  filter  constants  produced  more  beneficial  results  than  the 
current  filter  constants.  Thus,  the  Filter  Constants  Sensitivity  Analysis 
was  designed  as  a  series  of  simulations  which  dealt  with  progressively  increas¬ 
ing  the  filter  constants  to  the  maximum  values.  Since  the  previous  analyses 
have  shown  the  best  trend  significance  levels  were  1.1/. 9  and  the  best  smoothing 
weights  were  .4/. 4/. 2,  these  values  were  used  for  the  Filter  Constants  Sen¬ 
sitivity  Analysis.  The  current  filter  constants  for  SPCC  are  6/2  and  for  ASO 
are  3/15.  The  alternative  filter  constants  which  were  simulated  for  SPCC  were 
9/15,  15/30,  25/100  and  maximum /maximum;  i.e.,  999,999,999/999,999,999.  The 
values  simulated  for  the  filter  constants  for  ASO  were  6/25,  15/30,  25/100 
and  maximum/maximum.  The  results  of  the  Filter  Constants  Sensitivity  Analysis 
simulations  for  1H,  2H,  1R  and  2R  items  are  shown  in  TABLES  XIII,  XIV,  XV 
and  XVI,  respectively. 
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TABLE  XVII  was  developed  from  TABLES  XIII  through  XVI  to  show  the  marginal 
differences  between  the  inventory  investment  and  performance  results  generated 
by  the  increased  filter  constants.  Similar  to  TABLE  XII  in  the  Smoothing 
Weights  Sensitivity  Analysis,  the  results  of  each  simulation  were  compared  to 
the  results  of  the  previous  simulation  which  used  the  next  smaller  value  for  the 


filter  constants. 


TABLE  XIII 

SPCC  Filter  Constants  Sensitivity  Analysis 
1H  Mean-  Values 
V273/A/B  -  .it/. 4/. 2 


TABLE  XIV 

SPCC  Filter  Constants  Sensitivity  Analysis 
2K  Kean  Values 
V273/A/B  -  .4/.A/.2 


TABU  XV 

ASO  Filter  Constants  Sensitivity  Analysis 
1R  Mean  Values 
V272/A  1.1/.9 


TABU  XVI 

ASO  Filter  Constanta  Sensitivity  Analysis 
2R  Values 
V272/A  -  1.1/.9 


Filter  Constants  Sensitivity  Analysis 
Marginal  Differences 
V272/A  =  1.1/. 9 
V273/A/B  -  .4/. 4/. 2 


Raising  the  filter  constants  one  interval  to  9/15  for  SPCC  and  6/25  for 
ASO,  caused  the  inventory  investment  to  decrease  slightly  for  SPCC  and  in¬ 
crease  slightly  for  ASO.  Although  the  inventory  investment  increased  nearly 
$.700  million  for  2R  items,  the  percentage  of  increase  was  small,  from  $95,056 
to  $93,751  million  (.7%).  The  performance  improved  for  all  four  types  of  items.  Thc- 
improvements  were  particularly  evident  in  1H  items,  as  ADD  improved  9.15,  and 
2R  items,  where  SMA  increased  by  5.6  percentage  points.  There  were  fewer 
procurements  for  consumable  items,  but  the  workload  for  repairable  items  in¬ 
creased.  Although  there  were  290.5  more  repair  actions  for  2R  items,  the  per¬ 
centage  of  increase  was  not  very  drastic,  from  3418.5  to  3709.0  (8.5%).  The 
demand  forecast  was  more  accurate  for  all  items  except  1H.  Increasing  the 
filter  constants  further  to  15/30  was  more  expensive  for  all  the  items  and 
at  the  same  time  1H  and  2R  items  suffered  poorer  results  in  performance.  The 
filter  constants  values  of  25/100  produced  a  slightly  less  expensive  inventory 
investment, but  again  several  performance  statistics  experienced  setbacks.  When 
the  maximum  values  were  used  as  the  filter  constants,  the  1H  and  2R  items  were 
very  expensive  to  manage  and  many  performance  statistics  were  poorer  when  com¬ 
pared  to  the  results  from  25/100. 

A  small  increase  to  the  filter  constants  resulted  in  the  most  favorable 
improvement  in  performance  per  dollar  invested.  A  considerable  improvement 
in  performance  was  noticed  in  all  items  as  the  inventory  investment  decreased 
slightly  for  SPCC  items  and  increased  slightly  for  ASO  items.  A  more  drastic- 
increase  to  the  filter  constants  can  be  more  expensive  and  less  advantageous 
ic r  the  supply  system.  Therefore,  the  best  filter  constants  are  obtained 
when  the  filter  constants  are  increased  from  6/2  to  9/15  for  SPCC  and  from 
3/15  to  6/25  for  ASO. 


40 


Eliminating  the  filtering  process  by  using  extremely  large  filter  con¬ 
stants  is  not  a  sound  practice  for  the  supply  system.  For  example,  if  several 
very  small  demand  observations  were  recorded  for  an  item  with  ordinarily  high 
demand,  the  demand  average  would  be  computed  as  an  unusually  small  value. 
Therefore,  fewer  items  would  be  purchased  for  the  inventory.  Then  if  the 
item  would  return  to  the  higher  demand  pattern,  there  would  not  be  enough 
inventory  to  supply  the  demand,  thus  creating  backorders.  If  there  was  a  fil- 
terming  system,  the  unusually  small  demand  observations  would  not  have  been 
included  in  the  computation  of  the  demand  average.  The  opposite  type  of  reac¬ 
tion  can  also  be  avoided  by  the  filtering  process.  If  very  large  demand  ob¬ 
servations  were  recorded  for  an  item  which  normally  has  a  small  demand,  the 
demand  average  would  be  computed  as  an  unusually  large  value.  This  would 
generate  many  larger  buys  for  the  inventory  of  the  item.  Then  as  the  demand 
pattern  becomes  small  again,  the  inventory  position  would  be  in  long  supply 
and  disposal  would  be  necessary. 

Reference  (3)  suggested  to  reverse  the  filtering  process  and  give  the 
inventory  manager  the  responsibility  of  excluding  any  unwanted  quarterly  demand 
observations.  Each  inventory  manager  maintains  many  items  and  at  times  are 
extremely  burdened  when  special  programs  such  as  stratification  are  due. 

During  these  periods  an  inventory  manager  may  mistakably  not  exclude  a  quar¬ 
terly  demand  observation  from  the  quarterly  demand  average.  This  may  cause 
a  situation  as  explained  in  the  previous  paragraph.  Therefore,  the  suggestion 
of  reference  (3)  is  not  recommended  for  implementation. 

The  poorest  case  of  the  reverse  filtering  process  described  in  reference 
(3);  i.e. ,  not  allowing  any  inventory  manager  intervention  and  including  all 
quarterly  demand  observations  in  the  computation  of  the  quarterly  demand 


average,  is  illustrated  by  increasing  the  filter  constants  to  their  maximum 
values.  When  the  maximum  filter  constants  were  used  for  SPCC  instead  of  the 
recommended  filter  constants  of  9/15,  the  inventory  investment  increased  by  $1,620 
million  for  the  1,571  1H  items  simulated.  If  the  maximum  values  were  imple¬ 
mented  for  all  1H  items,  the  increase  in  inventory  investment  would  be  much 
greater.  Using  the  maximum  filter  constants  for  ASO  instead  of  the  recommended 
values  of  6/25,  Increased  the  inventory  investment  for  2R  items  by  $7,013 
million. 

D.  Simulated  Current  vs.  Recommended  Parameter  Values.  Based  on  the  results 
of  the  Directional  Analysis,  Smoothing  Weights  Sensitivity  Analysis  and 
Filter  Constants  Sensitivity  Analysis,  the  best  trend  significance  levels, 
smoothing  weights  and  filter  constants  were  determined  and  are  shown  in 
TABLE  XVIII. 


TABLE  XVIII 

Recommended  Parameter  Values 
for  Demand  Forecasting 


Parameter 

Data 

Element 

Number 

SPCC 

ASO 

Current 

Recommended 

Current 

Recommended 

Trend 

Significance 

Levels 

V272 

V272A 

1.1 

.9 

1.1 

.9 

1.5 

.99 

1.1 

.9 

Smoothing 

V273 

.3 

.4 

.4 

.4 

V273A 

.3 

.4 

.4 

.4 

Weights 

V273B 

.1 

.2 

.2 

.2 

Filter 

V008 

6 

9 

3 

6 

Constants 

V008A 

2 

15 

15 

25 
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The  preceding  analyses  have  shown  that  the  best  trend  significance  levels  are 
the  current  SPCC  values,  1.1/. 9,  and  the  best  smoothing  weights  are  the  cur¬ 
rent  ASO  values,  .4/. 4/. 2.  The  filter  constants  were  increased  to  9/15  for  SPCC 
and  6/25  for  ASO. 

Simulations  were  conducted  using  the  recommended  parameter  values  and 
compared  to  the  simulations  of  the  current  parameter  values;  i.e.,  base  case. 
TABLE  XIX  and  XX  show  the  results  of  the  simulations  for  SPCC  and  ASO,  respec¬ 
tively.  The  standard  deviations  for  the  samples  are  shown  in  the  upper  left 
portion  of  each  entry  in  the  table  and  the  means  of  the  samples  are  shown  in 
the  lower  portion. 

The  difference  between  the  criteria  of  the  simulated  recommended  parameter 
values  and  the  simulated  current  parameter  values  was  obtained  by  subtracting 
the  output  of  the  current  parameters  from  the  recommended  parameters.  The 
difference  represents  an  increase  (positive  value),  decrease  (negative  values), 
or  no  change  (0)  generated  in  the  criteria  as  a  result  of  using  the  recommended 
values  as  opposed  to  the  current  values. 

The  results  in  TABLES  XIX  and  XX  show  that  the  recommended  parameters  pro¬ 
duced  a  very  slight  increase  in  inventory  investment  for  all  but  the  2R  items 
where  a  $3,829  million  decrease  was  observed.  Both  performance  criteria,  SMA 
and  ADD  improved  greatly  for  all  of  the  items.  There  was  less  of  a  workload 
for  all  items  except  for  2R.  The  decrease  in  workload  was  particularly  evi¬ 
dent  for  1H  items  where  there  were  103.7  fewer  procurements  when  the  recom¬ 
mended  parameters  were  used.  Although  there  were  263.0  more  repairs  for  2R 
items,  the  percentage  of  increase  was  rather  small,  from  3446.0  to  3709.0 
(7.5%).  The  demand  forecast  appeared  more  accurate  because  all  three  forecast 
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accuracy  statistics  improved  for  every  cog  except  1H.  In  general,  the 
recommended  parameter  values  produced  slightly  more  expensive  inventory 
Investments  in  return  for  greatly  improved  performance,  smaller  workload 
and  more  accurate  demand  forecasts. 
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Simulated  Recommendations 
SPCC 


Simulated  Recommendations 
ASO 


Confidence  intervals  were  constructed  about  the  results  of  the  simulated 
current  and  recommended  parameter  values  in  TABLES  XIX  and  XX  to  determine 
whether  the  differences  between  the  two  sets  of  simulations  were  statistically 
significant.  The  following  formula  was  used  to  calculate  the  confidence  inter¬ 
vals  : 

X  +  t  S/  /N 

where 

X  =  the  mean  value  of  the  samples 

t  =  the  Student's  value  at  the  90%  level  of  confidence;  2.353  for  four 
samples  (1H  and  1R)  and  2.920  for  three  samples  (2H) 

S  =  the  standard  deviation  of  the  samples 
N  =  the  number  of  samples 

Since  the  inventory  investment  and  performance  were  the  most  important  criteria 
used  to  judge  the  simulations,  confidence  intervals  were  computed  about  the 
$0H  +  $DI,  SMA  and  ADD.  When  the  confidence  intervals  for  the  same  criteria 
overlapped  for  a  particular  cog,  the  differences  between  the  simulatfd  current 
and  recommended  parameter  values  were  minimal.  If  the  confidence  Intervals  did 
not  overlap,  the  differences  in  the  output  criteria  were  considered  statisti¬ 
cally  significant.  The  confidence  intervals  which  were  computed  from  the  $0H  + 
$DI ,  SMA  and  ADD  statistics  in  TABLES  XIX  and  XX  are  shown  in  TABLE  XXI. 


47 


TABLE  XXI 

Confidence  Intervals 


$0H  +  $DI 

SMA  % 

ADD 

Recommended 

.067  -  16.787 

62.6  -  68.4 

48.76  -  70.78 

1H 

Current 

-.040  -  16.834 

56.4  -  63.0 

64.15  -  79.27 

Recommended 

19.552  -  99.238 

50.2  -  58.0 

67.48  -  82.72 

2H 

Current 

20.377  -  98.075 

46.7  -  55.7 

70.09  -  90.47 

Recommended 

10.325  -  17.361 

48.4  -  60.0 

76.98  -  94.46 

1R 

Current 

8.319  -  18.975 

44.6  -  49.4 

98.21  -  111.51 

Since  the  confidence  intervals  for  the  $0H  +  $DI  overlap,  no  statistical 
difference  exists  between  the  inventory  investment  required  by  the  current 
and  recommended  parameter  values.  The  confidence  intervals  for  the  SMA  and 
ADD  of  the  consumable  items  overlap  very  little  or  not  at  all.  Thus,  the 
performance  statistics  for  the  recommended  parameter  values  are  significantly 
better.  Overlapping  is  evident  in  the  performance  statistics  for  2H  items. 
However,  since  the  confidence  intervals  do  not  overlap  totally,  a  slight 
improvement  may  occur  in  the  performance  of  2H  items  by  using  the  recommended 
parameter  values.  Therefore,  the  results  of  the  confidence  intervals  reveal 
that  the  recommended  parameter  values  improve  the  performance  of  the  Items 
while  the  inventory  investment  remains  at  approximately  the  same  amount. 

IV.  SUMMARY  AND  CONCLUSIONS 

The  trend  significance  levels,  smoothing  weights  and  filter  constants 
are  major  factors  in  the  computation  of  the  demand  and  MAD  forecasts.  With 
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the  aid  of  the  5A  simulator,  several  different  values  were  systematically 
substituted  for  these  parameters  to  determine  which  values  provided  the  most 
beneficial  demand  forecast  for  the  Navy  Supply  System. 

A.  Determining  Recommended  Parameter  Values.  The  results  of  the  simulations 
were  judged  according  to  inventory  investment,  performance,  workload  and  demand 
forecast  accuracy,  but  most  of  the  emphasis  was  placed  on  the  inventory  invest¬ 
ment  and  performance.  The  first  group  of  simulations  was  identified  as  the 
Directional  Analysis.  The  Directional  Analysis  was  used  to  determine  whether 
improvements  resulted  from  increasing  or  decreasing  the  current  parameter 
values.  Based  on  the  Directional  Analysis,  the  current  SPCC  trend  signifi¬ 
cance  levels  were  recommended  to  be  used  for  ASO  and  SPCC. 

The  Directional  Analysis  indicated  that  larger  smoothing  weights  may 
improve  results;  therefore,  the  Smoothing  Weights  Sensitivity  Analysis  was 
designed  to  evaluate  larger  smoothing  weight  values.  For  SPCC,  small  increases 
in  inventory  investment  and  improvement  in  performance  were  observed  in  the 
initial  increase  to  the  smoothing  weights.  However,  rather  large  increases 
in  inventory  investment  and  smaller  improvements  in  performance  were  observed 
when  the  smoothing  weights  were  first  increased  for  ASO  items.  A  drastic 
increase  to  the  smoothing  weights  appears  to  encourage  long  supply  since  the 
inventory  investment  increases  and  performance  improves.  Therefore,  a  slight 
increase  to  the  SPCC  smoothing  weights  is  recommended  while  the  ASO  smoothing 
weights  are  recommended  to  remain  constant. 

The  Directional  Analysis  also  indicated  that  larger  filter  constants  pro¬ 
duced  better  results  than  the  current  values.  Therefore,  the  Filter  Constants 
Sensitivity  Analysis  was  conducted  using  progressively  larger  values  for  the 
filter  constants.  When  the  filter  constants  were  first  increased,  no 
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significant  changes  in  inventory  investment  were  observed.  The  performance 
results  were  better  for  all  items  and  the  demand  forecast  was  more  accurate. 

As  the  filter  constants  were  increased  again,  the  inventory  investment  in¬ 
creased  and  several  performance  statistics  became  worse.  The  performance  stati 
tics  continued  to  worsen  as  the  filter  constants  were  increased.  Therefore,  a 
small  increase  to  both  the  SPCC  and  ASO  filter  constants  was  recommended. 

As  previously  stated,  reference  (3)  suggested  to  reverse  the  filtering 
process  by  including  all  quarterly  demand  observations  in  the  computation  of 
the  quarterly  demand  average.  The  only  manner  in  which  a  quarterly  demand 
observation  is  excluded  from  the  quarterly  demand  average  is  by  manual  inter¬ 
vention  on  the  part  of  the  inventory  manager.  The  poorest  case  of  the  re¬ 
versed  filtering  idea  was  illustrated  when  the  filter  constants  were  increased 
to  their  maximum  values.  By  increasing  the  filter  constants  to  their  maximum 
values,  no  quarterly  demand  observations  were  filtered  and  no  intervention  by 
the  inventory  manager  occurred.  When  the  maximum  filter  constants  were  used 
instead  of  the  recommended  values,  the  inventory  investment  was  much  greater 
for  1H  and  2R  items. 

B.  Impact  of  Recommended  Parameter  Values.  The  recommended  parameter  values 
for  the  trend  significance  levels,  smoothing  weights  and  filter  constants  for 


SPCC  and  ASO  are  shown  in  TABLE  XXII. 


TABLE  XXII 

Recommended  Parameter  Values 


Parameter 

Data 
Element 
Numbe  r 

SPCC 

ASO  | 

Current 

Recommended 

Current 

Recommended 

Trend 

Significance 

Levels 

V272 

V272A 

1.1 

.9 

1.1 

.9 

B 

1.1 

.9 

Smoothing 

.3 

.4 

.4 

.4 

.3 

.4 

.4 

.4 

Weights 

V273B 

.1 

.2 

.2 

.2 

Filter 

V008 

6 

9 

3 

6 

Constants 

V008A 

2 

15 

15 

25 

Simulations  were  conducted  using  the  recommended  parameter  values  and 
compared  to  the  simulations  of  the  current  parameter  values.  TABLE  XXIII 
shows  the  results  of  the  simulations  for  SPCC  and  ASO.  Only  the  most  impor¬ 
tant  criteria,  inventory  investment  and  performance  were  included  in  TABLE  XXIII. 
The  increases  and  decreases  produced  in  the  criteria  are  also  shown  to  quantify 
the  impact  of  the  recommended  parameter  values. 


TABLE  XXIII 

Simulated  Recommendations 


Cog 

Parameter 

Values 

$0H  +  $DI 
(MIL) 

SMA 

% 

ADD 

1H 

Recommended 

Parameter 

Values 

8.427 

65.5 

59.77 

1H 

Current 

Parameter 

Values 

8.217 

59.7 

71.71 

1H 

Difference 

.210 

5.8 

-11.94 

2H 

Recommended 

Parameter 

Values 

59.395 

54.1 

75.10 

2H 

Current 

Parameter 

Values 

59.226 

51.2 

80.28 

2H 

Difference 

.169 

2.9 

-5.18 

■■■ 

■'  |  ■§ 

1R 

Recommended 

Parameter 

Values 

13.843 

54.2 

85.72 

1R 

Current 

Parameter 

Values 

13.647 

47.0 

104.86 

1R 

Difference 

.196 

mm 

-19.14 

■■■■■■Ml 

2R 

Reconmended 

Parameter 

Values 

93.751 

64.0 

45.17 

2R 

Current 

Parameter 

Values 

97.580 

59.6 

54.81 

2R 

Difference 

-3.829 

4.4 

-9.64 
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The  confidence  intervals  for  the  statistics  of  TABLE  XXIII  showed  that 
no  statistical  differences  existed  between  the  inventory  investments  of  the 
current  and  recommended  parameter  values  for  1H,  2H  and  1R  items.  According 
to  the  confidence  intervals,  the  recommended  parameter  values  produced  statis¬ 
tically  significant  improvements  in  the  performance  of  the  consumable  items, 
but  detected  only  slight  improvements  in  the  performance  of  2H  items.  As 
previously  stated,  confidence  intervals  were  not  developed  for  2R  items,  since 
the  universe  of  nonprogram-related  items  was  simulated  without  sampling. 
However,  by  examining  TABLE  XXIII,  both  the  inventory  investment  decreased  and 
the  performance  Improved  considerably  when  the  recommended  parameter  values 
were  used.  Therefore,  the  recommended  parameter  values  generated  improvements 
in  the  performance  of  all  four  types  of  items  for  the  same  amount  or  less 
inventory  investment  that  the  current  parameter  values  required.  The  recom¬ 
mended  parameter  values  shown  in  TABLE  XXIII  can  be  readily  implemented  in 
the  UICP  and  are  more  beneficial  to  the  Navy  Supply  System  than  the  current 
parameter  values. 

V.  RECOMMENDATIONS 

FMSO  recommends  the  parameter  values  shown  in  TABLE  XXII  be  implemented 


by  SPCC  and  ASO. 
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C-6  2H  Directional  Analysis 
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C-17  2K  Smoothing  Weights  Sensitivity  Analysis 

C-20  1R  Smoothing  Weights  Sensitivity  Analysis 

C-24  1H  Filter  Constants  Sensitivity  Analysis 

C-28  2H  Filter  Constants  Sensitivity  Analysis 

1R  Filter  Constants  Sensitivity  Analysis 


C-31 


SPCC  Directional  Analysis 


SPCC  Directional  Analysis 
1H  Sample  3 


SPCC  Directional  Analysis 


SPCC  Directional  Analysis 
2H  Sample  3 


8 


ASO  Directional  Analysis 
1R  Sample  2 


ASO  Directional  Analysis 
1R  Sample  4 


SPCC  Smoothing  Weights  Sensitivity  Analysis 


7-723  I  71.5  49.84  1359.7  I  N/A  30.180  .177  .722 


SPCC  Smooching  Weights  Sensitivity  Analysis 


C  Smoothing  Weights  Sensitivity  Analysis 


SPCC  Smoothing  Weights  Sensitivity  Analysis 


46.341  )  65.2  59.02  802.5  .  |  1114.0  .137  .042  .842 


AS 0  Smoothing  Weights  Sensitivity  Analysis 


ASO  Smoothing  Weights  Sensitivity  Analysis 


C-22 


21.258  67.1  76.10  880.5  N/A  38.641  .224  .867 


SPCC  Filter  Constants  Sensitivity  Analysis 


SPCC  Filter  Constants  Sensitivity  Analysis 


SPCC  Filter  Constants  Sensitivity  Analysis 


SPCC  Filter  Constants  Sensitivity  Analysis 


HAX/>«AX  I  19.689  [  66.3  ’  53.13  .781.0  I  N/A  1.229  I  .014 


SPCC  Filter  Constants  Sensitivity  Analysis 


SPCC  Filter  Constants  Sensitivity  Analysis 


MAX /MAX  |  45.885  52.7  78.69  )  725.0  1519.2  .383  .020  .778 


SPCC  Filter  Constants.  Sensitivity  Analysis 


ASO  Filter  Constants  Sensitivity  Analysis 
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15.148  }  55.I  •  I  82.07  1119.0  N/A  I  26.297  I  .178 


ASO  Filter  Constants  Sensitivity  Analysis 


MAX/MAX  '  |  17.055  |  58.8  78.11  j  }217.5  N/A  5.749  |  .289 
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The  Standard  Deviations  are  shown  in  the  upper  left  portion  of  the  boxes 
and  the  mean  values  are  shown  in  the  lower  right  portion  of  the  boxes :  S/ X  . 


SPCC  Directional  Analysis 
2H  Values  s/  v 


ASO  Directional  Analysis 


CC  Smoothing  Weights  Sensitivity  Analysis 


SPCC  Smoothing  Weights  Sensitivity  Analysis 


Smoothing  Weights  Sensitivity  Analysis 

1R  Values  5/  y 
V008/A  -  MAX/MAX 
V272/A  -  1.1/. 9 


24.0SP 


CC  Filter  Constants  Sensitivity  Analysis 


SPCC  Filter  Constants  Sensitivity  Analysis 


ASO  Filter  Constants  Sensitivity  Analysis 


DISTRIBUTION  LIST 


Commander 

Naval  Supply  Systems  Command 
Washington,  DC  20376 
Attn:  SUP  0*»A  (2) 

Library 

Commanding  Officer 
Navy  Aviation  Supply  Office 
Code  SDBA-A 
Philadelphia,  PA  19111 

Commander 

Naval  Surface  Forces 
U.  S.  Atlantic  Fleet 
Attn:  Code  N7 
N713 

Norfolk,  VA  23511 

Commanding  Officer 
Naval  Supply  Center 
Code  50.1 
Norfolk,  VA  23512 

Commanding  Officer 
937  North  Harbor  Drive 
Naval  Supply  Center 
Code  A1 

San  Diego,  CA  92132 

Commanding  Officer 
Naval  Supply  Center 
Puget  Sound  (Code  AO) 
Bremerton,  WA  983 14 

Commanding  Officer 
Nava)  Supply  Center 
Code  AOC 

Charleston,  SC  29**08 

Commanding  Officer 
Naval  Supply  Center 
Box  300,  Code  A 1 
Pearl  Harbor,  HI  96860 


Commanding  Officer 
U.  S.  Naval  Supply  Depot 
Code  5) 

FP0  San  Francisco  96630 

Commanding  Officer 
U.  S.  Naval  Supply  Depot 
Code  51 

FP0  San  Francisco  96651 

Commanding  Officer 
U.  S.  Naval  Supply  Depot 
Box  11  (Code  51) 

FP0  Seattle  98762 

Chief  of  Naval  Operations 
Navy  Department  (OP-96) 
Washington,  DC  20350 

Chief  of  Naval  Operations 
Navy  Department  (OP-kl) 
Washington,  DC  20350 

Commander- in-Chief 

U.  S.  Pacific  Fleet,  Code  4)21 

Pearl  Harbor,  HI  96860 

Commander-in-Chief 
U.  S.  Atlantic  Fleet 
Attn:  Supply  Officer 
Norfolk,  VA  235H 

Commander  Naval  Air  Force 
U.  S.  Pacific  Fleet 
Attn:  Code  4 A 
NAS,  North  Island 
San  Diego,  CA  92135 

Commander  Naval  Air  Force 
U.  S.  Atlantic  Fleet 
Attn:  Code  40 
Norfolk,  VA  235H 

Commander 

Naval  Surface  Forces 
Code  N7 

Naval  Amphibious  Base 
Coronado,  CA  92155 


Commander  Submarine  Force 
U.  S.  Pacific  Fleet,  Code 
Pearl  Harbor,  HI  96860 

Commander  Submarine  Force 
U.  S.  Atlantic  Fleet 
Attn:  Code  N411E 
Norfolk,  VA  23511 

Chief  of  Naval  Research 
800  North  Quincy  Street 
Arlington,  VA  22217 

Director 

Defense  Logistics  Agency 
Operations  Research  and 
Economic  Analysis  Office 
(DLA-LO) 

Cameron  Station 
Alexandria,  VA  22314 

Mr.  Bernard  B.  Rosenman 

U.  S.  Army  Inventory  Research  Office 

Room  800,  Custom  House 

2nd  and  Chestnut  Sts 

Philadelphia,  PA  19106 

Commanding  General 
Attn:  P820 

Marine  Corps  Logistics  Base 
Albany,  Georgia, 3 1704 

Headquarters 

Air  Force  Logistics  Command 
Wright  Patterson  AFB 
Attn:  Code  XRSL 
Dayton,  OH  45433 

Commandant 

Industrial  College  of  the  Armed  Forces 
Fort  Leslie  J.  McNair 
Washington,  DC 

Michael  Sovereign,  Chairman 
Department  of  Operations  Research 
Naval  Postgraduate  School 
Monterey,  CA  93940 


Commandant 

Armed  Forces  Staff  College 
Norfolk,  VA  23511 

Commanding  Officer 
Naval  Supply  Corps  School 
Attn:  Code  40B 
Athens,  GA  30606 

Defense  Documentation  Center 
Cameron  Station  (2) 

Alexandria,  VA  22314 

U.  S.  Army  Logistics  Management  Center 
Defense  Logistics  Studies  Information 
Exchange  (2) 

Fort  Lee,  VA  23801 

Naval  Ship  Research  and  Development 
Center 

Attn:  NSRDC  1867 
Bethesda,  MD  20034 

Alan  W.  McMasters  (3) 

Associate  Professor,  Code  54  Mg 
Naval  Postgraduate  School 
Monterey,  CA  93940 

Department  of  the  Air  Force 
Air  Force  Logistics  Management 
Center  (AU) 

Gunter  Air  Force  Station 
Gunter,  ALA  38114 

Navy  Personnel  Research  and 
Development  Center 
Code  P303 

San  Diego,  CA  92152 


Unclassified 


DOCUMENT  CONTROL  DATA  RID 

■Security  rMi  otton  of  fjfjv.  fauik  ol  abstract  itnj  im/ftm,’  ,inn»f«  fi  i»n  om»»I  lif  rnfffrd  r/i»»  uvcrjlf  ffpofl  » •*  c  !•*>  nhed) 


I  ORl&lN*f!NO  AClIVlfy  (Corpofill  Jinhof)  RE  POM  T  SE  CU  RI  TV  CLASSIFICATION 

Navy  Fleet  Material  Support  Office  |  Unclassified 

Operations  Analysis  Department 
Mechatticsburg,  PA  17055 


3  REPORT  TITLE 

Estimation  of  Parameter  Values  for  UICP  Demand  Forecasting  Rules 


A  DESCRIPTIVE  NO  T£  S  (  Type  of  ft  port  and  inclusive  datea) 


9  aoTmOR(S)  (Firat  name,  middle  initial.  teat  name) 


Jerry  L.  Zamer 


la.  CONTRACT  OR  GRANT  NO 


6.  moject  no.  9322-D65-9215 


to.  DISTRIBUTION  STATEMENT 


TOTAL  NO.  OF  PAGES  |7b.  NO.  OF  REFS 


9a.  ORIGINATOR’S  REPORT  NUMBER!*) 


lift.  OTHER  REPORT  nOI*)  (Any  other  number  a  that  may  be  aaalaned 
|  thla  report) 


Distribution  of  this  document  is  unlimited. 


12  SPONSORING  MILI  T  ARY  ACTIVlTV 


13  ABSTRACT 


This  study  estimates  parameter  values  pertaining  to  the  UICP  (Uniform  Inventory 
Control  Program)  model  for  forecasting  demand  and  the  MAD  (Mean  Absolute  Deviation) 
of  demand.  More  specifically,  the  filter  constants,  trend  significance  levels  and 
smoothing  weights  are  evaluated  using  the  5A  (Aviation  Afloat  and  Ashore  Allowance 
Analyzer)  wholesale  inventory  simulator.  Alternative  values  were  systematically  se¬ 
lected  for  the  filter  constants,  trend  significance  levels  and  smoothing  weights  to  be 
applied  to  a  data  base  of  actual  demands  for  determining  which  parameter  values  generate 
the  most  effective  demand  forecast.  Effectiveness  is  judged  by  the  fillowing  criteria: 
inventory  investment,  performance,  workload  and  demand  forecast  accuracy.  As  a  result 
of  the  simulations,  the  following  recommendations  are  made: 


SPCC  - 


.  Increase  the  filter  constants  (V008,  V008A)  from  6  and  2  to  9  and  15 
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